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FOREWORDI

Parameter improvement of near earth satellite orbits often use the position
and velocity vector as parameters but Keplerian elements are an alternative set
of parameters. The rate of convergence of the two sets and the loss of signifi-
cant digits in solution are presented in this report.
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INTRODUCTION

Numerical integration of orbits of near earth satellites is usually carried
out in a Cartesian coordinate system. When performing the differential correction
of an initial orbit to match observations, the parameters of the solution are
sometimes the corrections to the position and velocity vector of the satellite
at epoch. At the Naval Surface Weapons Center, however, the parameters chosen
are Kepler parameters modified to avoid singularity for circular orbits. This
report compares the rate of convergence of this orbit and the number of digits
lost in the computation for the two parameter sets for a sample orbit computation.

PROCEDURE

The data used in this study were 2 days of Doppler data from the "HILAT"
satellite which is in a nearly circular orbit at an 800 km altitude and at an
inclination of 82.20. CELEST,* a large scale orbit determination program, was
used to compute orbits and solve for parameters. The parameters solved for were
six orbit constants, one drag coefficient, one pair of resonant gravity coeffi-
cients (C14,14 and S14,14), and two pole position parameters. Two parameters
were also included for each pass to correct for deviations from nominal tropo-
spheric refraction corrections, which were assigned an accuracy of 10 percent,
and for errors in the relative frequencies of the satellite and ground station
oscillators. A converged orbit was computed and labeled as the "standard."
The Keplerian semi-major axis (A) of the standard was perturbed by 10 m and
corresponding perturbations were made to the Cartesian parameters. Both sets of
perturbed parameters were fit to the Doppler data for one iteration. The
resultant orbits were compared to the "standard" orbit and to each other. A
similar procedure was followed after perturbing the Cartesian X parameter by 10 m
and the corresponding Keplerian parameters by the equivalent values. Also computed
were the number of significant digits lost in solution by computing the product
of the diagonal elements of the normal equation matrix and the corresponding
diagonal element of the inverse matrix.

*O'Toole, J. W., CELEST Computer Program for Computing Satellite Orbits,

NSWC TR 3565, Oct 1976.
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RESULTS

The orbit was perturbed, primarily secularly, to about 2600 m after 2 days
(Figure 1) for the perturbed semi-major axis case and to about 1450 m for the
perturbed X case. After a single iteration the perturbed orbit agreed with the
converged orbit to about 5 m for the perturbed A case and to about 1.5 m for
the perturbed X case. For this set of data there was only a marginal difference
between the use of Cartesian or Keplerian elements in the solution, with the
Keplerian being a little better when X was perturbed and the Cartesian slightly
better when A was perturbed (Table 1). For analysis the differences between
the orbits are decomposed into three components: A component tangential to the
velocity vector, a radial component, and an out of plane component.. All three
components are shown graphically for one case in Figures 2-4. For the other
cases only the tangential component (Figures 5-7) is given graphically because
the radial and out of plane components are short term periodic as seen in the
first case; the amplitude of the periodic error in those components is given
by the "peak error" in Table 1. Table I gives the peak differences and the rms
differences for each case broken down into its three components and the total
difference. It can be seen in Table 2, which shows the nimber of significant
dig.tts lost in solution, that using Keplerian elements in solution results in
about four fewer significant digits lost in solution for the six orbit parameters;
for the other parameters (drag, gravity, polar motion), there is no difference
in the number of digits lost between the two representations of the parameters.

CONCLUSION

Whether Keplerian or Cartesian parameters are used in solution does not
affect the rate of convergence of fits to 2 days of data, but using Keplerian
parameters does reduce the number of significant digits lost in the solution.
This loss of significant digits could be of importance, for example, in gravity
solutions where the loss of significance in the orbit portion of the matrix will
transfer into arc eliminated matrices of different satellites which are combined
in a solution for gravity parameters.

The rate of convergence may be different for longer spans of data which
were not included in the scope of this report.
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TABLE 1. ORBIT DIFFERENCES (i)

CARTESIAN VERSUS KEPLERIAN PARAMETERS

PERTURB : A A X X

SOLVE FOR : KEPLERIAN CARTESIAN KEPLERIAN CARTESIAN

TOTAL 5.40 4.48 1.19 1.69 PEAK
2.37 1.87 .48 1.02 RMS

RADIAL 1.59 1.05 .32 .32 PEAK

.50 .45 .16 .17 RMS

TANGENTIAL 4.79 4.10 1.19 1.38 PEAK
1.25 1.32 .40 .49 RMS

OUT OF PLANE 2.83 1.83 .28 1.29 PEAK
1.94 1.25 .19 .88 RMS

4
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